The Mediterranean saltbush, Atriplex halimus L. (Amaranthaceae, formerly Chenopodiaceae) is a perennial shrub native in arid and semi arid regions of Mediterranean Basin. It is valued as livestock forage, when herbage availability is low [1] . This species has an excellent tolerance to harsh conditions such as salinity, light stress, drought and cold, in addition to the ability to tolerate high concentration of heavy metals [2] . Moreover, it is a promising candidate for the removal of heavy metals such as Zn, Pb and Cd from saline and non-saline soils [3] . This plant is known in folkmedicine, particularly in the Middle East for the treatment of diabetes and is much used by Bedouins [4] . The antioxidant properties of extracts from the leaves and stems of A. halimus have been evaluated; the ethyl acetate and butanol fractions of leaves showed the highest activity [5] . The hexane and methanol extracts of fresh aerial parts of the plant were screened for antimicrobial activity. Both extracts showed strong antibacterial activity against some pathogenic microorganisms [6] . Benhammou et al., 2009 reported the presence of flavonoids, tannins, alkaloids and saponins in A. halimus leaves and stems with higher yields from the leaves [5] . There is only one report regarding the isolation of some flavonoids from A. halimus L. growing in Egypt [7] . In this study, we reinvestigated this valuable plant and report the isolation of 8 compounds (1) (2) (3) (4) (5) (6) (7) (8) .
Compounds 1 and 2 (Figure 1 ) are novel compounds identified as methylated flavonol glycosides and obtained after separation using repeated RPCC with a gradient elution of MeOH-H 2 O. Compound 1 designated as atriplexoside A, was obtained as a pale yellow amorphous powder. The positive TOF-mass spectrum of 1 displayed a quasimolecular ion at m/z 779 [M+Na] + , suggesting the molecular formula C 33 H 40 O 20 . The UV spectrum of 1 showed absorption maxima at 348, 252 and 210 nm, respectively, in accordance with a flavonol derivative [8] . UV (MeOH) nm (log ): 348.2 (3.40), 252.6 (3.45), 210 (3.64). The 1 H-NMR spectrum of 1 indicated five aromatic protons at  6.19 (H-6, d, J=2.0 Hz), 6.72 (H-8, d, J=2.0 Hz), 7.8 (H-2', d, J=2.0 Hz), 6.90 (H-5', d, J=9.0 Hz) and 7.53 (H-6', dd, J=2.0, 9.0 Hz) derived from the aglycone moiety of a quercetin skeleton, together with three anomeric protons at 5.52 (1H, d, J=7.1 Hz, Glc H-1), 4.36 (1H, d, J=1.7 Hz, Rha H-1) and 5.28 (1H, d, J=3.0Hz, Api-H-1) and doublet methyl protons at 0.95 (3H, d, J=6.0 Hz, Rha C-5-Me) arising from the sugar units. In the 13 C-NMR spectrum, 32 signals were observed, 15 of them being assigned to the quercetin skeleton and three carbon signals to anomeric carbons of the sugar moieties at  108.5 (Api C-1), 100.7 (Rha C-1) and 98.6 (Glc C-1), these were identified as D-apiose, L-rhamnose and D-glucose after acid hydrolysis and confirmed by co-TLC with authentic samples. The chemical shifts were assigned by 2D-NMR experiments involving HSQC and HMBC.
Inter glycosidic linkages were determined on the basis of HMBC correlations of  H = 5.52 (Glc H-1)/  C =132.6 (C-3),  H = 4.36 (Rha H-1)/  C =64.4 (Glc C-6) and  H = 5.28 (Api H-1)/  C =146.8 (C-4'). These were confirmed by comparison with the published data of quercetin 3-O-rutinoside [9] . The apiosyl moiety in 1 was confirmed to be linked to the hydroxyl group at 4ʹ-position of B ring with the aid of HMBC interaction between proton of methyl NPC Natural Product Communications Kabbash & Shoeib group at 3' and C-3' of ring B, and the anomeric proton of the apiosyl moiety with C-4'. In the 1 H-NMR spectrum, the coupling constant of 3.0 Hz for the signal due to the anomeric H-1 proton of the apiosyl moiety in 1 was consistent with the values for -apiosyl moiety reported in literature [10] . The structure of 1 was concluded to be 3'
Compound 2 designated as atriplexoside B, was obtained as a pale yellow amorphous powder. The positive TOF-mass spectrum of 2 displayed a quasimolecular ion at m/z 911 [M+Na] + , suggesting the molecular formula C 38 H 48 O 24 . The UV spectrum of 2 exhibited absorption maxima at 355, 255 and 210 nm, respectively, in accordance with a flavonol derivative [8] . UV (MeOH) nm (log ): 355 (3.25), 255.2 (3.32), 210 (3.49). The chemical shifts of the protons in the aromatic region in the 1D-1 H-NMR spectrum were identical to that of compound 1 indicating the quercetin skeleton.
Acid hydrolysis and TLC of 2 yielded the same sugars as in compound 1, in addition to another sugar identified as D-xylose. By comparing the sugar regions of the 1D 1 H-and 13 C-NMR spectra of compounds 1 and 2, compound 2 showed the presence of one extra sugar unit. The signals at  4.06 (d, J=9.0 Hz) in 1H-NMR and at 107.1 in 13 C-NMR of 2, were assigned to the anomeric proton and carbon of the xylose moiety. The interglycosidic linkage between the sugars and aglycone was determined using 2D-NMR. An HMBC experiment revealed a correlation between the signals at  146.9 assigned to C-4' of the aglycone and the anomeric proton of apiose resonating at  5.32. This suggests that the apiose residue is attached to C-4' of the aglycone. The xylose moiety was deduced to be attached to C-5 of the apiose moiety from the HMBC correlation of its anomeric proton ( 4.06) with apiose C-5 ( 73.9). Interglycosidic linkages of the two sugar moieties (glucose and rhamnose) at C-3 of the aglycone were the same as in compound 1.
The known isolated compounds 3-8 were identified as: 3 (3,4dimethoxyphenyl-1-O--D-glucopyranoside), 4 (3,4,5-trimethoxyphenyl--D-glucopyranoside), 5 (20-hydroxyecdysone), 6 (3-hydroxysulfonyloxy-5, 6-epoxy-7-megastigmen-9-one), 7
The structures of these known compounds were determined by comparison of their physical and spectroscopic data with those reported in literature; 3 [11] , 4 [12] , 5 [13] , 6 [14] , 7 [15] and 8 [16] .
The free radical scavenging activity of the n-butanol extract as well as of compounds 1-8 was determined using 2, 2-diphenyl -1picrylhydrazyl radical (DPPH). The extract showed marked DPPH radical scavenging activity (IC 50 = 44.42 ± 2.36 µg mL -1 ), while IC 50 of trolox (positive control) was 22.3 ± 3.74 µg mL -1 . The antioxidant activity of n-butanol extract could be attributed to its high content of flavonoids and other phenolic compounds.
Compound 8 showed the highest activity (IC 50 13.62 ± 1.23 µM) comparing to the other tested compounds (IC 50 ≥ 30 µM), while the IC 50 of trolox was 4.90 ±1.05 µM. This compound has a catechol structure in ring B, as well as a 2, 3-double bond in conjunction with a 4-carbonyl group in ring C, allowing for delocalisation of the phenoxyl radical electron to the flavonoid nucleus. The other flavonoids (1, 2 and 7) showed weaker activity as they lack a catechol structure by having one methoxy group in ring B [17] .
Phenolic glucosides (3 and 4) were isolated from A. halimus L. for the first time. They showed weak DPPH radical scavenging activity (IC 50 > 30 µM).These compounds could not eliminate the DPPH radical due to absence of catechol moiety. Our results are in accordance with that reported by Syamsul et al., 2008 [18] .
The isolation of 20-hydroxyecdysone has been reported previously from the juice of Serratula coronata L., Asteraceae [19] , Atriplex portulacoids [13] , and the seeds of Atriplex nummularia [20] . Phytoecdysteroids displayed a wide array of beneficial pharmacological effects such as antidiabetic or treatment of asthenia [21] . This may explain at least in part, the traditional use of A. halimus L. as an antidiabetic. The isolated ecdysteroid (5) displayed weak radical scavenging activity (IC 50 > 30 µM).
Megastigmanes and their glycosides are currently an expanding class of compounds. Even with only 13 carbon atoms in the basic skeleton of megastigmane, several oxidation steps and glycosylation afforded many kinds of megastigmane derivatives and their glycosidic forms [22] . In this study, we isolated an uncommon sulfated nor-sesquiterpene megastigmane for the first time from family Chenopodiaceae. This compound was previously isolated from Laguncularia racemosa L., family Combretaceae [14] .
The DPPH scavenging activity of megastigmane has been reported [23] . Considering the structural features, the double bond between C-7 and C-8, and 5, 6-epoxy ring system were not associated with the radical scavenging activity. Hence the isolated megastigmane (6) showed weak radical scavenging activity (IC 50 > 30 µM).
Multidrug resistance, the principal mechanism by which many cancers develop resistance to chemotherapy drugs, is a major factor in the failure of many forms of chemotherapy [24] . In the present study, we evaluated the effects of the n-butanol soluble fraction and the isolated compounds on the function of P-glycoprotein using human myelogenous leukemia (K562) cells and adriamycinresistant human myelogenous leukemia (K562/ADM) cells. The results obtained showed that P-glycoprotein was weakly inhibited by the n-butanol soluble extract (IC 50 > 100 µg mL -1 ), while IC 50 of verapamil (positive control) was 17.0 ± 2.65 µg mL -1 . The other tested compounds showed weaker activity (IC 50 > 30 µM), while IC 50 of verapamil was 8.2 ± 0.85 µM.
Leishmaniasis is a parasitic disease that affects the poorest population in the world, causing a high mortality and morbidity. As a result of highly toxic and long-term treatments, novel, safe and more efficacious drugs are essential. Recently, there have been some studies on the antileishmanial activity of flavonoids. The compounds with the highest levels of antileishmanial activity were found in the flavon-3-ol (flavonol) series [25] .
In this study, the antileishmanial activity was assessed against L. major as a causative agent of old world cutaneous leishmaniasis.
IC 50 of the n-butanol soluble fraction was 92.09 ± 3.41 µg mL -1 , while the IC 50 of amphotericin B (positive control) was 1.5 ± 0.95 µg mL -1 . All compounds tested (1-8) appeared to be non-toxic against the host cells (IC 50 > 30 µM), while the IC 50 of amphotericin B was 0.91± 1.23 µM).
Conclusion:
Two new flavonol glycosides designated as atriplexosides A and B were isolated form A. halimus L., growing in Egypt, together with two phenolic glucosides, an ecdysteroid, an unusual sulfated megastigmane and two methoxylated flavonoid glycosides. All the known compounds were isolated for the first time from the plant. DPPH radical scavenging activity, anti-Chemical constituents from Atriplex halimus Natural Product Communications Vol. 7 (11) 2012 1467 multidrug resistance, and antileishmanial activities were evaluated. Compound 8 showed marked DPPH radical scavenging activity, while the other tested compounds showed weak activities.
Experimental
General experimental procedures: UV spectra were measured on a JASCO V-520 UV/Vis spectrophotometer. 1 H-and 13 C-NMR spectra were taken on a JEOL JNM -400 spectrometer at 400 MHz and 100 MHz, respectively, with tetramethylsilane as an internal standard. HR-MS was performed with a JEOL SX-102 spectrometer in the FAB mode and positive-ion HR-MS with an Applied Biosystem QSTAR XL system ESI (Nano Spray)-TOF-MS. Droplet Counter-Current chromatography (DCCC) was carried out on an instrument (Tokyo Rikakikai) equipped with 500 glass columns (U = 2 mm, L = 40 cm). The lower and upper layers of DCCC were a solvent mixture of CHCl 3 :MeOH:H 2 O:n-PrOH (9:12:8:2) and used for the stationary and mobile phases. Five-gram fractions were collected and numbered according to their order of elution with the mobile phase. Optical rotation was measured on JASCO P-1030 and JASCO J-720 polarimeter. Absorbances in biological assays were measured using a microplate reader (Thermo Bioanalysis Japan Co., Ltd.). 
Extraction and isolation:
Dried aerial parts of Atriplex halimus (1.4 kg) were extracted three times with MeOH-CH 2 Cl 2 1:1 (5 L) at 25  C and the solvent was evaporated under vacuum. The residue (64.3 g) was suspended in water (0.2 L) and successively extracted with n-hexane (8 L, 12.3 g) and EtOAc (7 L, 6.6 g). The aqueous layer was extracted with n-BuOH (5 L) to give an n-BuOH-soluble fraction (30.2 g) which was preliminary purified by subjecting to a Diaion HP-20 column (U = 50 mm, L = 50 cm) using H 2 O-MeOH (1:1, 6 L), and then, MeOH (8 L).
The residue obtained after purification (2.7 g) was subjected to silica gel CC (50×3 cm), and eluted with CHCl 3 -MeOH-H 2 O (15:6:1) where 37 fractions were collected. Fractions 19-20 (0.18 g) were subjected to RPCC (1.5×19 cm) using a gradient elution of MeOH-H 2 O to give 1 (12 mg in sub-fractions 186-189). Acid hydrolysis of 1 and 2: Each compound (2 mg) was dissolved in MeOH (5 mL) and refluxed with 8% HCl (2 mL) for 2 h. The reaction mixture was evaporated to dryness, dissolved in H 2 O (2 mL) and neutralized with NaOH. The neutralized product was analyzed by TLC (silica gel, n-PrOH-EtOAc-H 2 O, 7:2:1) in the presence of authentic samples [26] . DPPH Radical Assay: DPPH radical scavenging activity of the isolated compounds was tested according to the standard method [23] .
Anti-multidrug resistance assay (P-Glycoprotein inhibitory assay):
The multidrug resistance assay was performed as described in literature [27] .
Antileishmanial assay:
The leishmanicidal effects of the isolated compounds were assessed using the improved 3-[4,5dimethylthiazole-2-yl]-2,5-diphenyltetrasodium bromide (MTT) method [28] .
